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Abstract 
It is well documented that reinforced high strength concrete (HSC) columns are subject to early cover spalling, which 
leads to strength reduction. The need of investigation on more economic confinement materials has arisen. In order 
to reduce early cover spalling, a new idea has been investigated in this study. This idea is 
about installing relatively cheap materials such as household fiber glass fly mesh and 12.7 ×12.7 galvanised steel 
wire meshes in the formwork of columns. A total of 12 cylindrical specimens, with a length of 925 mm and 205 mm 
diameter, were cast and tested under concentric, eccentric, and pure bending loading. The testing results have shown 
that S12.7WM significantly improved the load carrying capacity under both concentric and eccentric loading, but it 
did not significantly increase the ductility of columns for each load case. FGFM significantly improved the ductility 
of columns under concentric loading, but the significance decreased with the increase of eccentricity. 
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1. INTRODUCTION
Fibre reinforced polymers (FRP) is a commonly used material for civil infrastructure applications 
since many theoretical and experimental studies have proved that FRP composite jackets can not only 
significantly increase the compressive strength, for example Lam and Teng (2002), but also improve 
ductility of concrete columns, for example, Parvin and Wang (2001) and Hadi (2007a, 2007b). 
However, the need for investigation on new potential external wrapping materials has arisen, due to 
the high manufacturing and application costs of FRP. This paper presents a new idea of using relatively 
cheap materials to confine HSC columns. Fibre glass fly mesh (FGFM) and 12.7 ×12.7 galvanised steel 
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wire meshes (S12.7WM) were chosen as confining materials. In each case, the confining material was 
installed in the mould before casting. A total of 12 specimens, with a length of 925 mm and 205 mm 
diameter, were cast and tested under concentric, eccentric (25 mm and 50 mm) and pure bending loading. 
The specimens were divided into three groups as shown in Table 1. 
Table 1: Configuration of specimens 
Specimen 
 
(mm) 
Diameter 
 
(mm) 
Height 
 
(mm) 
Internal  
 
Reinforcement 
Confining  
 
Material 
Test 
Eccentricity
(mm) 
C0 205 925 Yes None 0 
C25 205 925 Yes None 25 
C50 205 925 Yes None 50 
CB 205 925 Yes None Bending 
FG0 205 925 Yes 1-layer FG fly mesh 0 
FG25 205 925 Yes 1-layer FG fly mesh 25 
FG50 205 925 Yes 1-layer FG fly mesh 50 
FGB 205 925 Yes 1-layer FG fly mesh Bending 
WM0 205 925 Yes 1-layer S12.7 wire mesh 0 
WM25 205 925 Yes 1-layer S12.7 wire mesh 25 
WM50 205 925 Yes 1-layer S12.7 wire mesh 50 
WMB 205 925 Yes 1-layer S12.7 wire mesh Bending 
 
From each group, one specimen (C0, FG0 and WM0) was tested concentrically, while one specimen 
(C25, FG25 and WM25) was loaded with an eccentricity of 25 mm and one specimen (C50, FG50 and 
WM50) was loaded with an eccentricity of 50 mm. The remaining specimen (CB, FGB and WMB) of 
each group was tested as a beam under four point loading. 
2. EXPERIMENTAL PROGRAM 
The experimental program includes preparation of column and beam specimens, mesh confinement 
tensile strength testing, preliminary material property testing and specimen testing. 
2.1. Preparation of Column and Beam Specimens 
High strength concrete with target strength of 100 MPa was ready-mix concrete supplied by a local 
concrete supplier. The specimens were cylindrical, with a height of 925 mm and a diameter of 205 mm. 
All specimens were internally reinforced with the same amount of steel reinforcement. In compliance 
with AS3600 (2001), 6N12 bars (12 mm diameter deformed bars with nominal tensile strength of 500 
MPa) were chosen for the longitudinal reinforcement, while R8 (8 mm diameter plain steel with nominal 
tensile strength of 250 MPa) with a pitch of 50 mm was adopted for the lateral reinforcement in form of 
helix. The concrete cover was 20 mm thick on the circular surface and 20 mm at top and bottom. All the 
tests were carried out at the Engineering Laboratories of the University of Wollongong. 
Fibre glass fly mesh and 12.7 ×12.7 galvanised steel wire meshes were used as confinement of eight 
specimens. It is noted that all the confinement meshes were placed into the moulds before concrete 
casting. The fly mesh was overlapped at a length of 110 mm. In order to ensure that the overlap would not 
loosen or slide from each other, it was sewn in two rows through the whole length (910 mm) with fishing 
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line. The fishing line used had a diameter of 0.35 mm and its load capacity was 164.64 N. The length of 
each piece of the sewing was approximately 35 mm.  
The wire mesh was formed as a tube with an overlap of 120 mm, approximately. To prevent 
the overlap from loosening or sliding from each other, the wire mesh was tied with steel wire at a spacing 
of 90 mm, through the whole length (910 mm) at each side of the overlap 
2.2. Mesh Confinement (FGFM & S12.7WM) Tensile Strength Testing 
The samples of FGFM were tested using the Instron 4302 with a capacity of 10 kN in the Structures 
Laboratory, while the samples of S12.7 WM were tested using the Instron 8033 with a capability of 
500kN at the High Bay Laboratory. The samples were tested at a speed of 2 mm/min. The average 
ultimate tensile stress and ultimate strain of FGFM were 972.90 MPa and 0.05395, respectively, while
S12.7WM had an average ultimate tensile stress of 601.10 MPa and ultimate strain of 0.01590.  
2.3. Preliminary Material Property Testing  
The slump test was conducted complying with AS 1012.3.1 (1998). The result shows the concrete had 
a slump of 155 mm. Concrete cylinder samples with 100 mm diameter and 200 mm height were 
scheduled to be tested for compressive strength at 7 days, 14 days and 28 days. It is noted that the tests 
planned for 28 days were actually conducted at 36 days. The specimens were cast complying with 
AS1012.8.1 (2000) and the test was conducted based on AS 1012.9 (1999). Hard rubber caps were used 
for the cylinders having an age of 7 days, while high strength plaster called Hydrostone was used for the 
14 day and the 36 day tests. The average compressive strength at 7 days, 14 days, and 36 days were 64.33 
MPa, 76.72 MPa, and 92.55 MPa, respectively. The compressive strength of concrete was calculated to be 
86.08 MPa, with a correlation of 0.9524. 
2.4. Specimen Testing 
All the columns and beams were tested using the Denison testing machine with an ultimate 
compressive load capacity of 5000 kN. A pair of loading caps was used for column testing and a pair of 
knife edges was applied for eccentric loading. A four point loading system, which comprised two parts: 
top rig and bottom rig, was adopted for the beam testing. 
3. RESULTS AND DISCUSSION  
To investigate the effects of FGFM and S12.7WM on high strength concrete columns, a total of 9 
column specimens were tested under concentric and eccentric loading. Three beam specimens were 
loaded as four-point bending test to determine the ultimate bending moment capacity. 
3.1. Reinforced Concrete Columns under Concentric Loading  
Three columns, marked C0, FG0 and WM0 were tested under a concentric load. The results of the 
three columns concentrically tested are presented in Fig. 1 and Table 2. Specimen WM0 had the largest 
ultimate load. This is because WM0 had the largest compressive strength of mesh-confined concrete, 
which depends on the tensile strength and the thickness of the confinement. The ultimate load of 
specimens FG0 was lower than the reference Column C0, which may be related to the constraint of the 
experiment as it was difficult to ensure the wrapping mesh was fully and uniformly covered with concrete. 
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The bond between the mesh and the concrete is also questioned. As a result, surface imperfection was 
observed at the specimens. Following Pessiki and Pieroni’s approach (1997), the equation D85 =į85/įy was 
adopted for ductility analysis, where D85 = ductility based on 85% of ultimate load, į85= post-yield axial 
deflection at 85% of the ultimate load, įy = axial deflection at the yield point. As shown in Table 2, 
Specimen FG0 had the highest value of ductility. 
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Figure 1: Load-deflection curves under concentric loading 
Table 2: Results of specimens under concentric loading  
Column Specimen C0 FG0 WM0 
Ultimate load (kN) 2544 2321 2876 
Yield load (kN) 2544 2321 2876 
Axial deflection at  yield load (mm) 3.42 3.13 3.94 
Axial deflection at ultimate load (mm) 3.63 3.34 4.42 
Ultimate Axial deflection (mm) 28.85 30.20 21.81 
Ductility  1.188 1.940 1.150 
3.2. Reinforced Concrete Columns under Eccentric Loading  
A total of six columns with different confinement were loaded with an eccentricity of 25 mm and 50 
mm, respectively. Table 3 shows the experimental results of the column specimens (C25, FG25 and 
WM25) loaded with an eccentricity of 25 mm, while Fig. 2 illustrates the load-deflection curves for these 
three specimens. Column WM25 had the highest ultimate load, while Specimen FG25 had the lowest 
ultimate load, which was 57.09% of that of Specimen C25. The unexpected low ultimate load of 
Specimen FG25 may result from premature failure. Consequently, Specimen FG25 was not tested to its 
ultimate strength. Among the three specimens marked C25, FG25 and WM25, Column FG25 had the 
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highest ductility and all the specimens failed by lateral helixes dilating and concrete cover spalling, while 
longitudinal reinforcement buckling was only observed in Specimen C25. 
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Figure 2: Load-deflection curves under eccentric loading, e=25 mm 
Table 3: Results of specimens under eccentric loading, e=25 mm 
Column Specimen C25 FG25 WM25 
Ultimate load (kN) 1785 1019 1873 
Yield load (kN) 1785 993 1873 
Axial deflection at yield load (mm) 3.72 3.48 3.74 
Axial deflection at ultimate load (mm) 3.86 4.06 4.00 
Ultimate Axial deflection (mm) 14.78 19.28 16.84 
Ductility 1.070 1.192 1.092 
 
Specimens marked C50, FG50 and WM50 were tested with 50 mm eccentricity, the results of the three 
specimens are presented in Table 4 and the load-deflection curves are shown in Fig. 3. It is noted that the 
lateral deflection of WM50 is not included due to an error during the test. It can seen that Column C50 
had the lowest ultimate load, while Column WM50 had the highest value of 1103 kN, which was 1.31 
times that of Specimen C50. Specimen FG50 had the second highest value of 1058 kN, which was 1.26 
times that of Specimen C50. Among the three specimens tested with an eccentricity of 50 mm, Specimen 
FG50 had the highest ductility. 
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Figure 3: Load-deflection curves under eccentric loading, e=50 mm 
Table 4: Results of specimens under concentric loading, e=50 mm 
Column Specimen C50 FG50 WM50 
Ultimate load (kN) 841 1058 1103 
Yield load (kN) 841 1058 1103 
Axial deflection at yield load (mm) 2.84 3.05 3.13 
Axial deflection at ultimate load (mm) 2.84 3.28 3.29 
Ultimate Axial deflection (mm) 8.66 13.55 5.09 
Ductility 1.018 1.106 1.091 
 
3.3. Beam Specimen Testing  
Three specimens marked CB, FGB and WMB were loaded as four-point bending test to determine the 
ultimate bending moment capacity. It is noted that the results of Specimen WMB had been lost. The 
results of the remaining specimens are summarised in Table 5. Contrary to expectation, Fig. 4 shows 
Specimen FGB had lower load capacity than the reference beam specimen CB. The ultimate load of 
Specimen FGB was 97.71% of that of Specimen CB. However, the ductility of Specimen FGB was 1.16 
times that of Specimen CB. This means the ductility of the concrete beam had been improved by applying 
FGFM. 
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Figure 4: Load-mid span deflection of beam specimens 
Table 5: Results of beam specimens  
Beam Specimen CB FGB WMB 
Ultimate load (kN) 262 256 Lost 
Yield load (kN) 195 186 - 
Axial deflection at yield load (mm) 4.11 3.97 - 
Ultimate Axial deflection (mm) 29.34 45.17 - 
Ductility 2.380 2.759 - 
 
 
4. CONCLUSIONS 
Based on the experiments of this study, the following conclusions are drawn: 
The testing results have shown that S12.7WM significantly improved the load carrying capacity under 
both concentric and eccentric loading, but it did not significantly increase the ductility of columns for 
each load case. Columns with FGFM did not show improvement in load carrying capacity under 
concentric loading and 25 mm eccentric loading. The unexpected low load capacity may result from 
premature failure as specimens FG50 had higher load capacity than Specimen C50. 
Based on Pessiki and Pieroni
s approach (1997), columns confined with FGFM outperformed their 
counterparts confined with S12.7WM in terms of ductility under both concentric loading and eccentric 
loading. Therefore, FGFM significantly improved the ductility of columns under concentric loading, but 
the significance decreased with the increase of eccentricity. Moreover, FGFM had improved the ductility 
of the beam specimen. 
 
H. ZHAO and M.N.S. HADI / Procedia Engineering 14 (2011) 2848–2855 2855
ACKNOWLEDGMENTS 
The contributions of Ms Neda Fayaz Tousi and laboratory staff Mr Bob Rowlan and other staff are 
gratefully acknowledged. 
REFERENCES 
[1] Australian Standards 3600 (2001) Concrete Structures 
[2] Australian Standards 1012.3.1 (1998) Determination of properties related to the consistency of concrete – Slump Test 
[3] Australian Standards 1012.8.1(2000) Method of Making and Curing Concrete Compression and Indirect Tensile Test 
Specimens 
[4] Australian Standards 1012.9 (1999) Methods of Testing Concrete – Determination of the Compressive Strength of Concrete 
Specimens 
[5] Hadi MNS (2007a). Behaviour of FRP strengthened concrete columns under eccentric compression loading, Journal of 
Composite Structure. 77(1), pp. 92–96. 
[6] Hadi MNS (2007b). The behaviour of FRP wrapped HSC columns under different eccentric loads.  Journal of Composite 
Structure, 78(4 ), pp. 560–566. 
[7] Lam L and Teng G (2002). Strength Models for Fiber-Reinforced Plastic-Confined Concrete. Journal of Structural 
Engineering. 128 (5), pp. 612-623. 
[8] Parvin A, Wang W (2001). Behaviour of FRP jacketed concrete columns under eccentric loading. Journal of Composites for 
Construction. 5 (3), pp. 146–152. 
[9] Pessiki S and Pieroni S (1997). Axial load behavior of large-scale spirally-reinforced high-strength concrete columns.  ACI 
Structural Journal. 94 (3), pp. 304-314. 
